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COMPARISON OF SEVERAL ADAPTIVE NEWTON-COTES
QUADRATURE ROUTINES IN EVALUATING DEFINITE
INTEGRALS WITH PEAKED INTEGRANDS

by

K. E. Hillstrom

ABSTRACT

This report compares the performance of five dif-
ferent adaptive quadrature schemes, based on Newton-Cotes
(2N +1)-point rules (N =1, 2, 3, 4, 5), in approximating the
sets of definite integrals

fl (xz+p2)-l dx,fl x/(l.l - x)P dx, andf’ xP(x - 2)(x-3) dx
-1 0 0

with relative accuracy €.

I. INTRODUCTION

High-degree Newton-Cotes quadrature rules have seldom been used
in practice because they occasionally fail to converge or they contain
weights of different signs. This report show#, by numerical experiment
only, that there are certain quadratures for which moderate degree Newton-
Cotes rules, used adaptively, may be superior to other rules based on
equally spaced abscissas.

McKeeman' ® and Davis and Rabinowitz* describe the use of
quadrature rules in an adaptive manner by means of algorithms. Lyness’
gives a thorough description of the Adaptive Simpson Rule, together with
suggested modifications. ik : R 3

54

The schemes us B Cotes
rules of degree 3, 5, 7 ations of
types 1, 2, and 3 descr ‘the particular
rule. The results are, 9, 11, and 13,

respectively.



In particular, if € is the total absolute error allowed and

2N+1
QN[a,a+h] f(x) = z ajf(xj)
i

is the (2N +1) Newton-Cotes Rule, convergence is achieved over the
interval [a, a +h] if for

"

onla, a+h] £(x) - (QN [a, a+ %] f(x) + QN [a+ PZ_' a+h] f(x)) ,

(22N+1 e, 1) =
Zr

A

[

IA

)

where h = (B-A) 2°T. If this convergence criterion is not satisfied and
if r € 30, the interval is bisected, r is replaced by r + 1, and, after
function evaluations at the new mesh points, the above test is repeated.

If the convergence criterion is satisfied or if r = 30,

QN[a: a+%] f(x) + QN[a+%, a+h] f(x) + A/(ZZN+1 . 1)

is accepted as an approximation for the integral over [a, a+h], this
approximation being of degree 2N + 3. Finally, these component ap-
proximations and error estimates are summed to obtain a final or
total approximation over [A, Bl

III. INVESTIGATIONS CONDUCTED

Numerical integrations were carried out using the five different
adaptive Newton-Cotes rules in approximating three sets of definite
integrals. In each case, an input parameter € prescribes the error. A
routine is termed the most efficient if its result satisfies the error cri-
terion € while requiring the fewest function evaluations. The actual error
in each result is usually much smaller than €.

IVv. COMPUTATIONS

All the computations conducted were performed on an IBM 360/50-75
in double-precision floating point.



The sets of definite integrals

Il o /_ll (x2+pz)'1’

I, = [’ x/(1.1 - x)P dx,
0
and

s f: SP(x. 2)% - 3) dx

have been evaluated with p ranges (1,107%), (1,9),and (1, 16), respectively,
and € ranging from 1 to 107%,

For small p, the I, integrand has a peak of height p'z at the originand
is approximately 1 at the end points, and I, is approximately equal to mp.

For large p, the I, integrand has a maximum of 10P at the upper
limit and is zero at the origin, and I, is approximately equal to lOp'l/(p -1).

For large p, the I; integrand has a maximum near 2, has a minimum
near 3, and is zero at the origin and at x = 2 and x = 3, and I3 is approxi-
mately equal to _3p+z/pz_

The appendix presents FORTRAN listings of the comparison routine,
the integrand and integral evaluation subroutines, and the five adaptive
quadrature subroutines.

V. RESULTS

Results using the adaptive Newton-Cotes rules for the quadratures I,
I, and I;are displayedinFigs. 1, 2, and 3, respectively, and are to the required
accuracy €l. If the point (p,€) lies in the zone numbered N, the adaptive
Newton-Cotes (2N +1)-point rule is the most efficient of those tested.

The actual demarcation lines between zones are not regular in
Figs. 1 and 2. These irregularities are partly due to the fact that the
number of points used by the adaptive Newton-Cotes rule of degree
2N + 1 in approximating an integral over (a,a+h) is restricted to numbers
e for BEN +1 (k=1,2,3,...). If the integrand function is altered
slightly, the demarcation line is different in detail, but has the same general
configuration. In Figs. 1 and 2, the "buffer zones" between distinct zones
indicate the general width of these irregularities.
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Fig. 1. Performance Comparison in Approximating
1 =
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Fig. 2. Performance Comparison in Approximating

1 .
'/. x/(1.1-x)P dx for p Ranging from
0

1 to 9 and € Ranging from 1 to 108, 1f

the point (p, €) lies in the zone numbered
N, the adaptive Newton-Cotes (2N +1)-point
rule is the most efficient of those tested.

Fig. 3

Performance Comparison in Approximating

fS
0
1 to 16 and € Ranging from 1 to 108, If
the point (p,€) lies in the zone numbered

N, the adaptive Newton-Cotes (2N +1)-point
rule is the most efficient of those tested.

xP(x -2)(x -3) dx for p Ranging from

These results are of interest because they indicate that if the
integrand has a high, sharp peak, or if great accuracy is required, an

adaptive high-degree rule is most efficient.

This is in contradistinction

to the more familiar state of affairs in which sharp peaks are associated
with inefficient polynomial approximations and the use of low-degree rules.

In addition, error curves of the adaptive Newton-Cotes rules for the
quadratures I, I, and I3 and a particular value of p are displayed in
Figs. 4, 5, and 6, respectively. The error curves of the adaptive Newton-
Cotes (2N +1)-point rules are labeled EN; the projections of the pairs of
intersection points (pp.;, PN) onto the € axis define, for fixed p, the



log € interval over which the (2N +1)-point rule is most efficient, in terms
of points M required; and the lines S1, S2, S3, S4, and S5 with slopes 6, 8,
10, 12, and 14, respectively, indicate the rate of convergence of these rules.

Fig. 4. Error Curves of the Adaptive Newton-Cotes (2N + 1) -point Rules in
1
Approximating I; = f (x2+ 10-8) 1 dx. A point (M,€) located
-1
on line Ey between intersection points (PN -1, PN) indicates that the

2N +1 adaptive Newton-Cotes routine with input error €Iy required
the least number M of function evaluations of the routines tested.

Fig. 5. Error Curves of the Adaptive Newton-Cotes (2N + 1) -point Rules in
1
Approximating Iy = f x/(1.1-x)° dx. A point (M,€) located
0

on line Ey between intersection points (Py-1,PN) indicates that the
9N + 1 adaptive Newton-Cotes routine with input error €lp required
e, 14¢ sumber M of function evaluations of the routines tested.
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LOG €

Fig. 6. Error Curves of the Adaptive Newton-Cotes (2N +1) -point Rules in

3

Approximating I3 =f x18(x -2)(x -3) dx. A point (M,E) located
0

on line Ey between intersection point (py.1,PN) indicates that the

2N + 1 adaptive Newton-Cotes routine with input error £I3 required

the least number M of function evaluations of the routines tested.

These results define (for a particular p) the € interval of greatest
efficiency of the (2N +1)-point rules and demonstrate that the modified
Newton-Cotes rules, being of polynomial degree 5, 7, 9, 11, and 13 have
error curves with slopes approximately equal to 6, 8, 10, 12, and 14,
respectively.
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FORTRAN Listings of the Comparison Routine, the Integrand

and Integral Evaluation Subroutines, and the Five
Adaptive Quadrature Subroutines

1. Routine for Comparing Adaptive Newton-Cotes Quadrature Routines

FORTRAN IV G LEVEL 1, MOD 1 MAIN DATE = 68288 L67/56/53
E QUANDRATURE ROUTINE COMPARISON DRIVER

0001 DOUBLE PRECISION AgByELoFE,PI,DPyFP,PyEPS,QI,RI,RE,RES,QUAD, ToEVAL
cCo2 DOUBLE PRECISLON DE

cuo3 COMMON P,IFI,IFC,yICC

Co04 DIMENSION IVC(5)4QDR(6),TITLE(18)
0005 DATA QDR/'2',% " %61, '8%,'C","'X"/
caoe PRINT 15

coc 15 FORMAT('1TEST OF ADAPTIVE NEWTON COTES 2,44+6+8,10 HAVIE AND RUMBER

XG'//7)

€oo8 1 READ 1CUJ,TITLE

coc9 PRINT 1000, TITLE

001C READ 1001,IFI.INC

coly PRINT LU0L,IFI,INC

co12 DO 11 N=1,INC

co13 READ 10N2,A,8,E1,DE,PI,DP

0C1l4 PRINT 130644,B4E1,0E,4PI,0DP

0015 READ 1004 4FE FP,lE,IP,ICVC

Gale PRINT 1CO74FE4FP,IE,IP,ICVC

0C17 DD 10 M=1,ICVC

0018 READ (5,1003) (IVC(I),1=1,5)

co19 READ 10254K,ICC

0020 IFCALL=1

Go21 XMAX=FP

0022 XPINCH=(FP=P1)/1C. 000

0023 YMAX=FE

CC24 YMIN=EI

0025 XMIN=PI

0026 XP=P[ °
0027 GO TO (243),K

co2s8 2 P=PI

€029 GO TO 4

0030 3 P=10,0D0%*(-PI1)

0031 4 DD 9 L=1.IP

c032 YP=EI

0033 EPS=10.00%*(~El)

GO34 PRINT 224A 48 4EPS.P

0035 20 FORMAT(' A=',D1245," B='yD1245," EPS='4D12e5¢" P="4012e5¢/7)
co36 RI=EVAL(A,3)

0037 DO 8 J=1,IE

co3s IFCS=2147483647

0039 RES=1.C0+74

G040 SYM=QDR(6)

004l DO 7 [=1,+5

G042 IF(IVC(I).EQ.0)GO TO 7

0043 QI=QUADIAB.EPS.T)

Q044 RE=DABS(RI-QI)/RI

0045 PRINT 30,Q1,RI4RE,IFC

0C46 30 FORMAT(* QI=',D22.15."' RI="4022.15," RERR=',022.15+" FCOUNT=", 18,/

X/)

G0&a7 IF(RE«GT.EPSIGO TO 7

CC48 IF(IFCS. LT IFCIGO TO 7

€349 IFUIFCS«GT,IFCIGO TO 6

cosc IF(RES.LE.REIGO TO 7

cos1

6 IFCS=IFC
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FORTRAN IV G LEVEL 1, MOD 1 MAIN DATE = 66288 16/36/88
6052 RES=RE
6053 SYM=QDR(I)
0054 7 CONTINUE
gg;z 5C E?};:IT?? **##*t###tt*##tt#*t‘.'*#“‘#“‘t‘l"i“.""““l‘tt'/[[)
0057 GO TO (164170 4K :
0058 16 CALL YOLVPL(XP.VP,XMAX.XP]NCH.VNAK.O.lquBHPARAHEIR.BH-LUb(EPl'lfc
XALL y1yLy XMIN,YMINySYM,TITLEL)
0059 GO TO 18
0066 17 CALE VULVPL(xv,vp.xMAx,x91Ncn,vnAx.o.1.Kv8N—LOG(P' »BH-LOGLEP Vs IFC
XALL o1 oLy XMINyYMINy SYMy TITLE,1)
co6l 18 IF(IFCALL.EQ.2)G0 TO 12
co62 [FCALL=2
0063 12 EPS=EPS*10,000**(-DE)
Co64 8 YP=YP+DE
GC65 XP=XP+DP
cG66 GO TO (19421)4K
0067 19 P=P+DP
€o68 GO TO 9
0069 21 P=P%10,0D0**(-DP)
¢370 9 CONTINUE
0071 10 CONTINUE
6072 11 CONTINUE
co73 CALL PLOT(154+04=3)
G074 CALL YOLYPLUXP,YPyXMAX s XPINCH,YMAX =1y 1,KyBHPARAMETR, BH-LOGIEP), IF
XCALL 191 g XMINyYMIN,SYMoTITLE,1)
ccs STOP
co76 10CO FORMAT(18A4)
0a77 1001 FORMAT(2I2)
ca78 1002 FORMAT(6D12.5)
cc79 16G3 FORMAT (511)
0680 16C4 FORMAT(2D12,5,13,13,12)
0081 1005 FORMAT(I3,12)
0082 1006 FORMAT(® B=1,012e5+" 1EP=,D1245¢" DEP=',D1245," IP=",
XD124 54"
0083 1007 FORMAT(® FE='4D1205s" FP=',D12.5¢* EC= 'y13,' PC= ",13," VC= 'y12y
X/ /)
0084 END
FORTRAN IV G LEVEL 1, MOD 1 MAIN DATE = 68270 12/16/41
c QUADRATURE ROUTINE SELECTOR
¢
0001 FUNCTION QUAD(A4B,EPS,I)
0002 DOUBLE PRECISION AyByEPS,EP, FCNyQUADsANC2,ANC4,ANCE,ANC8,ANC10+P
0003 COMMON P, IFI,IFC,ICC
0004 EXTERNAL FCN
0005 IFC=0
0C06 EP=EPS
0007 M=15
0008 N=ICC
0009 GO T0(10,20,30440,5C),1
0010 10 QUAD=ANC2(A,BEP4MyNyFCN)
0011 RETURN
0012 20 QUAD=ANC4(A,B4EP4MyNyFCN)
0013 RETURN
0014 30 QUAD=ANCE(A,B,EP,M,N,FCN)
0015 RETURN :
0016 40 QUAD=ANCB (A,B,EP,MyN,FCN)
0017 RETURN
0018 50 QUAD=ANC10(A,B4EPyMyNyFCN)
0c19 RETURN
0020 END



FORTRAN IV G LEVEL

0001
0002
0003
00C4
00C5
0006
occ7
0008
00c9
0010
0011
0012

10
20
30

FORTRAN IV G LEVEL

coo1l
0002
0003
0004
0005
0006
coo7
0008
000§
0010
0011
0012
0013
0014
0015
0016
0017
0018
0c19
0020
0021
co022
0023
0024
0025
0026
0027
0028

0029
0030

10

20

24

28

30

1, MCD 1 MAIN DATE = 68270 12/716/41
EVALUATES INTEGRAND FUNCTION

FUNCTION FCN(X)

DOUBLE PRECISION X4P,FCN
COMMCN P,IFI,IFC,yICC
IFC=1FC+1

GO TC(10,20430),IFI
FCN=1.0D0/(X*X+P*P)
RETURN
FCN=X/(141D0~X) **P
RETURN
FCN=X#%P%(X=2,000) *( x~3,000)
RETURN

END

1, MOD 1 MAIN DATE = 68270 12/16/41

EVALUATES DEFINITE INTEGRAL

FUNCTICN EVAL(A,B) >

DOUBLE PRECISION AyByP,EVAL,T14T2,73,74,0Q1,02
COMMON P, IFI,IFC,ICC

GO TC(10420430),IFI
EVAL=(DATAN(B/P)-DATAN(A/P))/P

RETURN

[F(PeEQe1,000) GO TO 24

IF(PeEQs2.000) GO TO 28

Q1=P-1,000

Q2=P-2.000

Tl=(1.100-B)**Q2

T2=(1,100-8) **Q1 .

T3=(1e 100-A) *#Q2

T4=(1,1D0-A) **Ql
EVAL=-1.000/1C2‘Tli'l.lDOl(Ol‘TZlblcODOIIQZ'TSI-l.100/(0[‘16!
RETURN

T1=NABS(1+1D0-B)

T2=DABS(1.1D0-A)
EVAL=A-B=-1,1D0*(DLOG(T1)-DLOG(T2))

RETURN

T1=DABS(1.1DC-B)

12=DABS(1¢1D0-A)
EVAL:DLUG«tli-oLoc(tznot.loO/(1.100-3)—1.100/(1.1oo-A»
RETURN

T1=B#R

T2=A%A

13=P+1,000
EVAL=B"T3'(11/(P*B.ODGI-S.ODO'BI(POZ.ODO)06¢ODOI(001.0DO)D-A"T)‘
X(T12/(P+34000)-5¢0D0%A/(P+2,0001 464000/ (P+1.000))
RETURN

END

13
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2. Adaptive Quadrature Routine Based on Newton

-Cotes 3-point Rule

FORTRAN IV G LEVEL 1, MOD 1 MAIN DATE = 68270 12/16/41
C ANC2 INTEGRATION
C ADAPTIVE CUADRATURE ROUTINE BASED ON NEWTON-COTES 3 POINT RULE
C

0001
0002

0003
0004
0005

0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0016
0017
0018
0019
00620
vuzl
0022
0023
0024
0025
0026
0027
0028
0029

0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
CC40
0041
0042
0043
0044
0045
0046
C047
0048
0045

100

200

210
29

FUNCTION ANC2(A1,B1,EPyMyNsFUN)

DOUBLE PRECISION ANC24AL,B14EPyFUNsA¢BEPSyABSAR,EST,FA,FM,FByXE,
LF1yF2,FBPEST2,DIFF,ESTL,SUMsDAFTESUM, TSUMs DA, SXySA
DOUBLE PRECISICN AEST2,FTST,FMAX,AEST1,DELTA,AEST
DIMENSION F2(30) 4FBP(30),EST2(30),NRTR(30)
DIMENSTION AEST2(30),FTST(3),XB(30)

THE PARAMETER SETUP FOR THE INITIAL CALL
IF(NeLE.O)GO TO 210

IF(NeGT43)GO TO 211

A=Al

8=B1

EPS=EP*154000

ESUM=040D0

TSUM=Ce 0DO

LVL=1

DA=B-A

FA=FUN(A)

FM=FUN((A+B)*0s5D0)

FB=FUN(B)

M=3

FMAX=DABS (FA)

FTST(1)=FMAX

FTST(2)=DABS(FM)

FTST(3)=DABS(FB)

DO 100 [=2,3

IF(FMAXeGEsFTST(I))GO TO 100

FMAX=FTST(I)

CONTINUE

EST=(FA+4+0D0*FM+FB)*DA/ 64000
ABSAR=(FTST(1)+440D0%FTST(2)+FTST(3))*DA/ 6000
AEST=ABSAR

1=RECUR

SX=(DA/ (2. 0DO**LVL) ) /64000
F1=FUN((3¢0D0*A+B) /4, 0D0)

F2(LVL)=FUN( (A+3,0D0%B) /4+000)
EST1=SX*(FA+440D0*F1+FM)

FBP(LVL)=FB

XB(LVL) =B
EST2(LVL)=SX*(FM+4,0D0%F2 (LVL)+FB)
SUM=ESTL1+EST2(LVL)

FTST(1)=DABS(FL)

FTST(2)=DABS(F2(LVL))

FTST(3)=DABS(FN)
AESTL=SX*(DABS(FA)+4,0D0%FTST(1)+FTST(3))
AEST2(LVL) =SX*(FTST(3) +440D0%FTST(2)4DABS(FB))
ABSAR=ABSAR-AEST+AEST1+AEST2(LVL)

M=M+2

GO TO (201,2004202),N

DELTA=ABSAR

GO TO 205

PRINT 39

FORMAT(* ERROR RETURN=NeLEeO')



FORTRAN 1V G LEVEL

0050
0cs1
0052
0053
0054
0055
0056
0057
0058
€059
006C
0061
0062
0063
€064
0065
0066

0067
0068
0065
0070
0071
0072

0073
0074
0075
Cco76
0077
0078
0079
0080
0081
0082
0ce3
0084
coss
0086
cos7
(e 1:]
0089
0Cs90
0091
0092
0093
0094

sr0

il

211
40

201
202

203

205

12

1, MCD 1 ANC2 DATE = 68270

RETURN

PRINT 40
FORMAT(' ERROR RETURN-NeGT43"')
RETURN
DELTA=1,00D0

GO TC 205

DO 203 I=1,2
IF(FMAXLGE.FTST(1))GO TO 203
FMAX=FTST(I)
CONTINUE
DELTA=FMAX

DAF T=EST-SUM
DIFF=DABS(DAFT)
DAFT=DAFT/15,000
IF(DIFF-EPS*DELTA) 64643
IFILVL=30)4,42,42
IF(LVL=1)244,2
2=UP

A=B
ESUM=ESUM+DAFT
TSUM=TSUM+ SUM
LvL=LvVL=1
L=NRTR(LVL)

GO TC (11412),L
11=R1,12=R2
NRTR(LVL)=1
EST=EST1
AEST=AEST1

FB=FVM

FM=F1
B=(A+B)/2.000
EPS=EPS/2.000
LVL=LVL+1

GO T0 1
NRTR(LVL)=2
FA=FB

FM=F2(LVL)
FB=FBP(LVL)
B=XxB(LVL)
EST=EST2(LVL)
AEST=AEST2(LVL) .
GO TO 7

EPS=2. 0DO*EPS
IF(LVL=1) 5¢5+9
ANC2=TSUM-ESUM
RETURN

END

12716741



16

3. Adaptive Quadrature Routine Based on Ne

wton-Cotes 5-point Rule

FORTRAN IV G LEVEL 1, MOD 1 MAIN DATE = 68270 12/716/41
C ANC4 INTEGRATION
C ADAPTIVE GUADRATURE ROUTINE BASED ON NEWTON-COTES 5 POINT RULE
(5

0001
0002

cco3
0004

C0G5
0006
Q007
0008
oce9
oolc
0011
0012
0013
C014
0015
0016
0017
0018
0019
0020
0021
G022
0023
0024
0025
0026
0027
0028
€025
0030
0031

0c32

0033
0034
€035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045
0046
0047

100

FUNCTION ANC4(ALyB14EPyMyNsFUN)

DgUBLE PRECISION ANCk.AlyBlyEP'FUN.A.B.EPS.tSUM.YSUM'DA;XB'SX.FA
I'Fl.FS,FB.FM.FZ.FT,FA.FB'FTP'FBP'FMAX'FTST.EST.AEST'ESTI'ESTZ.AEST

AEST2,ABSAR,DELTA,DIFF,DAFT,SUM,SA

Zéingasfén F2(;0’.F4(30DvFTP(30DvFBP(30)'FTST(5I'ESTZ(30D¢NRTR(30)
DIMENSION AEST2(30),XB(30)

THE PARAMETER SETUP FOR THE INITIAL CALL

IF(NsLE,0)GO TO 219

IF(NsGT+3)G0 TO 211

A=Al

B=81

EPS=EP*63,0D0

ESUM=C. 0DO

TSUM=0. 0DO

LvL=1

DA=B-A

FA=FUN(A)

FS=FUN((3.0D0%A+B)/4,000)

FM=FUN((A+B)*0s500)

FT=FUN((A+3.0D0%B)/4,000)

FB=FUN(B)

M=5

FMAX=DABS(FA)

FTST(1)=FMAX

FTST(2)=DABS(FS)

FTST(3)=DABS(FM)

FTST(4)=DABS(FT)

FTST(5)=DABS(FB)

DO 100 I=2,5

IF(FMAXoGE,FTST(I))IGO TO 10C

FMAX=FTST(I)

CONTINUE
EST=(7,0D0%(FA+FB)+32,0D0%(FS+FT)+12.0D00%FM) *DA/ 90, 0DO
ABSAR={T7,0DO*(FTST{L)+FTST(5))+32,0D0%( FTST(2)+FTST(4))+12,0D0%FTS
17(3))*DA/S0,0D0

AEST=ABSAR

1=RECUR

SX=(DA/(2.0D0#**LVL)) /90,000

FL=FUN((7.0D0%A+8)/8,000)
F3=FUN((5.0D0%A+3,0D0%B) /84CDO)
F2(LVL)=FUN((3,0D0%A+5,0D0%B)/8,000)
F4(LVL)=FUN((A+7,000%8) /8.000)

EST1=SX*(7o 0DO*(FA+FM)+32,0D0*(F14F3)+12.,0D0%FS)
FBP(LVL)=FB

FTP(LVL)=FT

XB(LVL)=B
EST2(LVL)=SX*(7,0D0%(FM+FB)+32,000%(F2(LVL)+F4(LVL))+12,0D0*FT)
SUM=ESTL4EST2(LVL)

FTST(1)=DABS(F1)

FTST(2)=DABS(F2(LVL))

FTST(3)=DABS(F3)

FTST(4)=DABS(F4(LVL))



17

FORTRAN IV G LEVEL 1, MCD 1 ANC4 DATE = 68270 12/716/41
CC48 FTST(5)=DABS(FM)
0045 AESII=SX'(7.ODO‘(DABS(FAl0FTST(5li032.0003(FTST(IDOFTST(3ll0lZ.ODO
X*DABS(FS))
0050 AESYZ(LVLl=SX*(7.0DO‘(FYST(5)ODABS(FBIl'32.000*lFYST(2lOFTSTlAI)01
X2+ 0DO*DABS(FT))
0051 ABSAR=ABSAR-AEST+AESTL+AEST2(LVL)
€052 M=M+4
0053 GO TC (201,4200,202)4N
0054 200 DELTA=ABSAR
0055 GO TO 205
0056 21C PRINT 39
0057 39 FORMAT(' ERROR RETURN-NeLE«O')
cose RETURN
0C5% 211 PRINT 40
0060 40 FORMAT(' ERROR RETURN=-NeGTe3')
0061 RETURN
0062 201 DELTA=1.000
C063 GO TO 205
00€&4 202 DO 203 I=1,4
C065 IF(FMAXsGE4FTST(I))GO TO 203
0066 FMAX=FTST(I)
0067 203 CONTINUE
0068 DELTA=FMAX
0065 205 DAFT=EST-SUM
007¢C DIFF=DABS(DAFT)
0071 DAFT=DAFT/63,000
0072 IF(DIFF-EPS*DELTAIG 4643
0073 3 IF(LVL=30)4,+2,2
0C74 6 IF(LVL=1)244,2
2=uP
0075 2 A=B
0076 ESUM=ESUM+DAFT
0077 TSUM=TSUM+SUM
0078 9 LvL=LVL-1
007% L=NRTR(LVL)
0080 GO TC (11,412),L
11=R1,12=R2
o081l 4 NRTR(LVL)=1
ooez2 EST=EST1
0083 AEST=AEST1
0CE4 FB=FM »
0css FT=F3
oceeé FM=FS
0087 FS=F1
oces B=(A+B)/2.000
ocss EPS=EPS/2.000
00SC 7 LVL=LVL+1
0061 GO 10 1
0092 11 NRTR(LVL)=2
0Cs3 FA=FB
C0S4 FS=F2(LVL)
C0s5 FM=FTP(LVL)
CCSe FT=Fa(LVL)
acs7 FB=FBP(LVL)
098 B=XB(LVL)
0089 EST=EST2(LVL)
010C AEST=AFST2(LVL)
0101 GO0 1C 7
0102 12 EPS=2.CDO*EPS
0103 IF(LVL=1)5+5+9
Cl04 5 ANC4=TSUM-ESUVM
€105 RETURN
0106 END
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4. Adaptive Quadrature Routine Based on Newton-Cotes 7-point Rule

FORTRAN IV G LEVEL 1l

cocl
€002

0cec3
004
CC0S
occe

ccov
oocs
co0s
ce1lc
0011
0012
CCl13
C014
GCl5
CCl6
cc17
oo1s8
Co1ls
cc20
0021
0022
0023
0024
0025
0026
0027
cc28
0029
0030
0031
0032
0033
0034
0035
0036

0037

0c3s

CC3s
CC40
0041
C042
0043
0044
0045
004¢€
Co47
0048
0046
Cc050
0G51

0052
0053
0054
€055
0056

C
c
c

100

mMCD 1 MAIN DATE = 68279 12/16/41

ANC& INTEGRATICN
ACAPTIVE GUADRATURE ROUTINE BASED UN NEWTUN-COTES 7 POINT RULE

(C6(ALBLyEPy My NyFUN)

Géﬁﬁlérﬁaééfgﬁai' i&co.Al.ex.EP.FJN.A.s.FPs.sum.esuu.rsuw,oA.xa.sx
Ly FLoFSyF3yFMyF2yFToFbyFByFTPFBP FMAX FTSTEST,AEST, ESTL,EST2,AEST
21,AESTZ,ABSAR.CELTA.E[FF'EAFT,FA.:AXU s

OUBLE PRECISICN FRyF5,FU,F6yXRyX5yXUsXb s

gIMEASIUN F2030) sF4(30)FTP(30),FBP(30)FTST(7),EST2(32),NRTR(3D)

DIMENSION AEST2(33),XB(30)

CIMENSICN FUP(32)4F6(30)

THE PARAMETER SETUP FOR THE INITIAL CALL

IF(iN~lE2 0)GE TC 210

IE(N=GT:3)6E TC 211

A=A

B=B1

EPS=EP%255,CDC

ESUM=Ce0DO

TSUM=C, NDO

LvL=1

DA=B-A

FA=FUN(A)

FR=FUN((5,000%A+B) /6,0D0)

FS=FUN((2,0D0%A+B)/3,000)

FM=FUN( (A+8)%Cqe500)

FT=FUN((A+2,0C0%8)/3,0D0)

FU=FUN((A+5,CDC¥R)/650D0)

FB=FUN(B)

M=7

FMAX=DABS (FA)

FTST(1)=FMAX

FTST(2)=DABS(FR)

FTST(2)=DABS(FS)

FTST(4)=DABS(FN)

FTST(5)=DA3S(FT)

FTST(6)=DABS(FU)

FTST(7)=DARS(FB)

DO 100 [=2,7

IF(FMAX.GE>FTST(I))GO TO 100

FMAX=FTST(T)

CONTINUE

EST=(41.0D0%(FA+FB)+4216,0D0% (FR+FU)+27,0D0%(FS+FT)+272 ODO*FM)*DA/
1840, C00

ABSAR=(4140DC*(FTST(L)+FTST(7))14216.0D0*(FTST(2)+FTST(6))+27,0D0%
LFTST(3)4FTST(5))+272,0D0%FTST(4))%DA/840.0DC

AEST=ABSAR

1=RECUR

SX=(DA/(6,CD0%2,0D0%%LVL) ) /140,000

F1=FUN((11,CDC*A+B)/12,0D0)

F3=FUN((9.0DC*A+3,000%B)/12.00C)

F5=FUN((750D0%A+5,0D0%B) /12,000

F2(LVL)=FUN((5,0D0%A+7,CDO0%B)/12.900)

F4(LVL)=FUN((3,0D0%A+9,000*B)/124000)

F6(LVL)=FUN((A411.0D0%B) /12,000 )

ESTL=SX*(41,000% (FA+FM)+216,0D0* (F1+F5)+27.C00% (FR+FS)+272 0DO*F3)

FRPILVL) =FB

XB(LVL) =R

FTP(LVL)=FT

FUP(LVL)=FU

EST2(LVL)=SX*(41,0D0%(FM+FB)+2164000%(F2(LVL ) +F6(LVL))+27.0DO*(FT+
LFU) +272,0D0%F4(LVL) ) .

SUM=ESTL+EST2(LVL)

FTST(1)=DABS(F1)

FTST(2)=DABS(F3)

FTST(3)=DABS(F5)

FTST(4)=DABS(F2(LVL))
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FORTRAN IV G LEVEL 1, MCD 1 ANC6 DATE = 68279 12716741
0es7 FTST(5)=DABS(F&lLVL))
0058 FTST(6)=DABS(F6ILVL))
0059 FTST(7)=DABS(FM)
0060 AESTL1=SX*(41,0D0%(NABS(FA)4FTST(7))+216,0D0% (FTST(1)+FTST(3))1+27.0
1D0*(DABS(FR)+CABS(FS))+272,0D0%FTST(2))
0061 AESTZ(lVLl=SX'(41.ODO‘(FTST(7)ODABS(FBIl02160009‘(FTSY(ADOFTST(bIl
1427.0D0*(CARS(FT)+DABS(FU))+272,0D0%FTST(5))

c062 ABSAR=ABSAR-AEST#AESTLI+AESTZ(LVL)
ccée3 M=M+6
0064 GC TO (201,2C0,202)4N
00€S5 200 DELTA=ABSAR
[T} GO TO 205
0067 210 PRINT 39
0068 3G FORMAT(' ERROR RETURN-NsLE«O')
CC6S RETURN
cc70 211 PRINT 4C
0071 40 FORMAT(' ERROR RETURN=NeGTe3')
0072 RETURN
0073 2C1 DELTA=1.0D0
0074 GO TC 205
€075 202 DO 203 I=1,46
0n7e IF(FMAX>GEoFTST(I))GO TO 203
0077 FMAX=FTST(I)
oc78 203 CONTINUE
0c7s DELTA=FNMAX
o080 205 DAFT=EST-SUM
008l DIFF=DABS(CAFT)
cos2 DAFT=CAFT/255.000
0083 IF(DIFF-EPS*DELTA) 6,643
oc84 3 IF(LVL=30)4,42,2
CcCes 6 IF(LVL=1)2+4+2

2=UP
0cee 2 A=B
COoe7 ESUM=FSUM+DAFT
coaa TSUM=TSUM+SUM
co89 G LVL=LVL-1
0090 L=NRTR(LVL)
0Cs1 GO TC (11,12)4L

11=R1,12=R2
0052 4 NRTR(LVL)=1
0Cc93 EST=ESTL »
00%4 AEST=AEST1
0S5 FB=FM
ccse FU=F5
0Cs7 FT=FS
ccoe FM=F3
Cccs9 FS=FR
010C FR=F1
0101 B=(A+R)/2.000
clc2 EPS=EPS/2.0C0
9103 7 LVL=LVL#]
Cle4 GO TC 1
Cle5 11 NRTR(LVL)=2
clCé FA=FB
c167 FR=F2(LVL)
cice FS=FTP(LVL)
Q109 FM=Fa(LVL)
Ccl10 FT=FLP(LVL)
el11 Fu=FA(LVL)
0112 FB=FBP(LVL)
e113 B=XB(LVL)
0114 EST=FST2(LVL)
0115 AEST=AEST2(LVL)
Cl16 GO TC 7
c117 12 EPS=EPS=*2,C0D0C
ol11e IFILVL=1)5+5,9
0116 5 ANC6=TSUM=-FSUV
clac RETURA
ci21 END
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5. Adaptive Quadrature Routine Based on Newton-Cotes 9-point Rule

FORTRAN IV G LEVEL 1, MOD 1 MAIN DATE = 68270 21/22/06
C ANC8 INTEGRATION
€ ACAPTIVE CUACRATURE RCUTINE BASED ON NEWTON-COTES 9 POINT RULE
c

ccol
0002

0003
CCo4
0005
0006
coc7
occs

0ccs
colc
0011
CcCle
0C13
0014
C01l5
CCle
cc17
cc1s
0c1s
cozc
0021
0022
ce23
0024
cc25
C026
0027
coze
0c2s
€030
0031
0c32
0033
0034
0035
0036
ceC37
0038
€039
0040
0041
0042

0043

0C44

0045

FUNCTION ANCB(AL,BL,EPyMsNyFUN)

DOUBLE PRECISION ANCEyAlyBl,EP,FUNyAsB,EPSyESUM,TSUM,DA,XB,SX,sFA
Ly FLyFSyFAyFMyF24FTyFbyFByFTP FBPFMAX FTSTEST,AEST,EST1, EST2,AEST
21,AEST2 yABSAR,DELTA,DIFF¢DAFT,SUM,SA

DOUBLE PRECISION FRyF5yFUyF6yXRyX59 XUy X6y FUP

DOUBLE PRECISIGON FQeFT74FV,FB8,XQyXTyXV,yX8yFVP

DIMENSION F2(30)4F4(30),FTP(30),FBP(30),EST2(30),NRTR(30),FTST(9)

DIMENSION AEST2(30)4XB(30)

CIMENSION FUP(30)4F6(30)

DIMENSION F8(30),FVP(30)

THE PARAMETER SETUP FOR THE INITIAL CALL

IF(NeLEs0)GO TO 210

IF(NeGT43)GC TO 211

A=A1

8=B1

EPS=EP%1023,0C0

ESUM=C.0D0

TSUM=040D0

LvL=1

DA=B-A

FA=FUN(A)

FQ=FUN((7+0D0*A+B) /84 000)

FR=FUN( (3, 0DO%*A+B) /44, 0D0)

FS=FUN({5.000%A+3,0D0%B)/84000)

FM=FUN((A+B)*0,500)

FT=FUN((3,0D0%A+5,0D0%B8) /84000

FU=FUN((A+350D0%B) /4,000)

FV=FUN((A+7.000%B)/840D0)

FB=FUN(B)

M=9

FMAX=DABS (FA)

FTST(1)=FNMAX

FTST(2)=DABS(FQ)

FTST(3)=DABS (FR)

FTST(4)=DABS(FS)

FTST(5)=DABS (FM

FTST(6)=DABS(FT)

FTST(7)=DABS (FU)

FTST(8)=DABS(FV)

FTST(S)=DABS(FB)

DO 106 1=2,9

IF(FMAXoGE<FTST(I))GO TO 100

FMAX=FTST(I)

100 CONTINUE

EST=(5989,000% (FA+FB)+5888,0D0* (FQ+FV)-928,C0D0%*(FR+FU)+10496,0D0*(F
XS+#FT)1-4540,000%FM)*DA/28350400D0

ABSAR=(989,0D0*(FTST(L)+FTST(9))+588840D0*(FTST(2)+FTST(8))-928,00
XO%(FTST(3)4FTST(T7))+10496,0D0*(FTST(4)4FTST(6))=-4540,0D0%FTST(5))*
XDA/2835040DC

AEST=ABSAR

1=RECUR
1 SX=DA/(28350,CDC*2,0D0%*LVL)



FORTRAN IV G LEVEL 1, MOD 1 ANCB

0046
0047
0c48
0049
0050
0051
0052
0053
0054

0055
€056
0057
0cs58
0059
0060

ceel
oce2
0063
0064
0065
0066
0067
cces
0065
0070
0071

0072

co73
0074
0075
0076
ccr?
0078
0079
ocsc
ccsl
oce2
co83
oce4
oces
ocee
ces7
ocss
ccas
0c9cC
co91l
0062
€es3
CcC94

200

210
3s

211
40

201
202

203
2C5

DATE = 68270 21722706

F1=FUN((15,0D0%A+B)/164000)

F3=FUN((132.,0D0%A+3,00D0%8B) /16.0D0)
F5=FUN((11.0D0%A+5,0D0%B) /16.,000)

FT=FUN((9,0D0*A+7,000%B)/16,000)
F2(LVL)=FUN((7,0D0*A+9,000%B)/164000)
F4(LVL)=FUN((5,0D00%A+11,000%8)/16.000)
FOILVL)=FUN((3,0D00%A+13,000%B)/16,000)
FBILVL)=FUN((A+15.,0D0%B)/164000)

EST1=SX*(989,0D0% (FA+FM)+5888,000%(F1+F7)-928,0D0%(FQ+FS)+10496,00
XO*(F3+4F5)-4540, 0DO*FR)

FBP(LVL)=FB

XB(LVL)=B

FTP(LVL)=FT

FUP(LVL)=FU

FVP(LVL)=FV

EST2(LVL) =SX*(989.0D0%(FM4FB)+5888,0D0% (F2(LVL)+FB(LVL))=-928,000%(
XFT4FV)4104964 000% (F4(LVL)+F6(LVL))=-4540.0D0%FU)

SUM=ESTL+EST2(LVL)

FTST(1)=DABS(F1)

FYST(2)=DABS(F3)

FTST(3)=DABS(F5)

FTST(4)=DABS(F7)

FTST(5)=DABS(F2(LVL))

FTST(6)=DABS(F4(LVL))

FTST(7)=DABS(F6(LVL))

FTST(B)=DABS(FB(LVL))

FTST(9)=DABS(FM)
AESYI=SX'(989.000'(DABS(FA)OFYST(9)DOSBBB.ODO‘IFYST(I)OFTST(bbi-9Z
XB.ODO‘(DABS(FQD*DABS(FS||010b9b.ODO‘IFISTIZDOFYST(BDD-hﬁbo,DDO‘DAS
XS(FR))
AESTZ(LVLl=SX‘(989.0DOO(FTSTIQ)ODABS(FB)lQSBBﬂ.ODO‘(FTST(S)OFYSY(O
XiI-QZB.ODO'GDABS(FT)ODABS(FVI1010696.000‘(FTSY(6IOFTST(7'l-§540.00
XO0*DABS(FU))

ABSAR=ABSAR-AEST+AESTLI+AESTZ2(LVL)

M=M+8

GO TO (201,20C4202) 4N

DELTA=ABSAR

GO T0 205

PRINT 39

FORMAT(* ERROR RETURN-NeLE«O"')

RETURN

PRINT 40

FORMAT(' ERROR RETURN-N.GT«3')

RETURN

DELTA=1.00D0

GO TO 205

DO 203 I=1.,8

IF(FMAXsGEoFTST(I))GO TO 203

FMAX=FTST(I)

CONTINUE

DELTA=FVMAX

DAFT=EST-SUM

DIFF=DABS(DAFT)

DAFT=DAFT/1023.000

IF(DIFF-EPS*DELTA)6,46,43
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FORTRAN IV G LEVEL

0085 o
CCsé 6

0c97 2
ocsse
€0s9
0100 9
0101
clcz2

€103 4
0104

01CS

alce

c1c?

clce

0109

ol1lce

0111

0l12

0113

al1l4

0115

Clleé T
0117

0118 1
Cl1s

c120

0121

0122

0123

Cl24

0125

Cl26

0127

c12s8

0125

0130

0131

c132 12
0133

0134 5
0135

Ccl3e

—

1, MCD 1 ANC8 DATE = 68270

[F(LVL=-30)0442,42
IF(LVL=1)2¢4,2
2=UP

A=B
ESUM=ESUM+DAFT
TSUM=TSUM+SUM
LVL=LVL-1
L=NRTR(LVL)

GO TO (11,412),L
11=R1,12=R2
NRTR(LVL)=1
EST=EST1
AEST=AEST1
FB=FM

FV=F7

FU=FS

FT=F5

FM=FR

FS=F3

FR=FQ

FQ=F1
B=(A+B)/2.00D0
EPS=EPS/2. 000
LVL=LVL+1

GO TC 1
NRTR(LVL) =2
FA=FB
FQ=F2(LVL)
FR=FTP(LVL)
FS=F4(LVL)
FM=FUP(LVL)
FT=F6(LVL)
FU=FVP(LVL)
FV=FB(LVL)
FB=FBP(LVL)
B=XB(LVL)
EST=EST2(LVL)
AEST=AEST2(LVL)
GO To 7
EPS=2.CDO*EPS
I[F(LVL-1)5+5,+9
ANCB=TSUM-ESUM
RETLRN

END

21/22/06



23

6. Adaptive Quadrature Routine Based on Newton-Cotes 11-point Rule

FORTRAN IV G LEVEL 1, MGD 1 MAIN DATE = 68270 21/22/06
c ANC10 INTEGRATION
g ADAPTIVE QUADRATURE ROUTINE BASED ON NEWTON-COTES 11 POINT RULE

0001 FUNCTION ANCIN(AL,Bl.FP.M.N,FUN)

0002 DOUBLE PRECISION ANC10,Al4BLl4EP,FUNyAsByEPS,SUM,ESUM,TSUM;DA,XB+S
LXoFLyFSyF34FMyF2 4FTyF4oFB,FTP,FBP,FMAX,FTST,EST,AEST,EST1,EST2,AES
2T1,AEST2,ABSAR,DELTA,CIFF,DAFT,FA,SA

0003 DOUBLE PRECISICN FRyF54,FU,F64XRy X5, XUyX6,4FUP

0004 DOUBLE PRECISION FQoF74FV,FByXQyXTyXVyXB,FVP

0C05 DOUBLE PRECISICN FPyF9,FW F10,XPy X9y XWyX10,FWP

0006 DIMENSICN F2(3C) +F4(30),FTP(30),FBP(30),EST2(30),NRTR(30),FTST(11)

0007 DIMENSION AEST2(30),X8(30)

0008 DIMENSICN FUPI(30),F6(30)

0009 DIMENSION F8(30),FVP(30)

0010 DIMENSION F10(30),FWP(30)

c THE PARAMETER SETUP FOR THE INITIAL CALL

0011 IF(NeLE.O)GO TO 210

0012 IF(NeGT&43)GO TC 211

0013 A=Al

Col4 B=B1

0015 EPS=EP*4055,0C0

ocle ESUM=0.0D0

0017 TSUM=Ce CDO

0o18 LvL=1

0018 DA=B-A

0020 FA=FUN(A)

Q021 FP=FUN((9,0D0*A+8)/10.000)

0022 FQ=FUN( (44 0D0*A+8B)/5.000)

0023 FR=FUN((7.,0D00%A+3,000%B)/10.000)

0024 FS=FUN((3.0D0%A+2,000%8)/5.000)

0025 FM=FUN((A+B)*0.500)

0026 FT=FUN((2.000%A+3,000%8)/5.000)

0027 FU=FUN((3,0D0%A+7,000%B)/10.000)

0028 FV=FUN((A+4,000%B)/5.000)

0029 FW=FUN((A+9,000%8B)/10.000)

0030 FB=FUN(B)

co31 M=11 »

0032 FMAX=DABS(FA)

0033 FTST(1)=FMAX

0034 FTST(2)=DABS(FP)

0035 FTST(3)=DABS(FQ)

0036 FTST(4)=DABS(FR)

0037 FTST(5)=DABS(FS)

0038 FTST(6)=DABS(FM)

€039 FTST(7)=DABS(FT)

0040 FTST(8)=DABS(FU)

0041 FTST(S)=DAB>(FV)

0042 FTST(10)=DABS (FW)

0043 FTST(11)=DABS(FB)

0044 DO 1001=2,11

0045 IF(FMAXcGELFTST(I)IGO TO 100

0046 FMAX=FTST(I)

0ca7 100 CONTINUE

0048 EST=(16061.0DO‘(FAOF8)0106300.000‘lFPOFI)-65525.0000(FOOFV)OZ’Z#OO

X.ODO‘(FR'FUI-260550.000'(FSOFT)0427368.0DO‘FNI‘DA1598752-000
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0049 ABSAR=(160670000% (FTST(L)+FTST(11))+106300,0DO* (FTST(2)+FTST(10))~
X48525,0D0% (FTST(3) +FTST(9))+27240040D0% (FTST(4) +FTST(8))-260550,00
KO*(F1ST(5)4FTST(T))+42736840DO%FM)*DA/5987524 000

0050 AEST=ABSAR

1=RECUR

0051 1 SX=DA/ (5987524 0D0%24 0D0**LVL )

0052 F1=FUN( (19 0D0*A+B) /204 000)

0053 F3=FUN((174000%A+340D0%B) /2040001

0054 F5=FUN( (15, 0D0%A+5, 0D0%B) /204000 )

0055 F7=FUN( (13, 0DC*A+7,0D0%8)/204000)

0056 FO=FUN( (11 0DC*A+9,0D0%B)/2040D0)

0057 F2(LVL)=FUN( (94 0D0%A+1140D0%B)/204000)

0058 F4(LVL)=FUN( (7 0D0%A+134000%B)/2040D0)

0055 F6(LVL)=FUN( (54 0D0%A+1540D0%B) /204000 )

0060 FB(LVL)=FUN( (30D0%A+174000%B)/204000)

061 F10(LVL)=FUN( (A+19,0D0%B) /204000 )

0062 ESTL=SX* (160670 0D0%(FA+FM)+10630040D0*( FL+F9)-48525,0D0% (FP+FS)+27
X240040D0%(F34+F7)-2605500 0D0% (FQ+FR ) 44273684 0DO*F5)

0063 FBP(LVL)=FB

0064 XB(LVL)=B

0c6s FTP(LVL)=FT

066 FUP(LVL) =FU

0067 FVP (LVL) =FV

0068 FWP(LVL)=Fw

0069 EST2(LVL)=SX*(16067+000%( FM+FB)+1063004000%( F2(LVL)+F10(LVL))-4852
X5 000%(FT+F W) +2724004 0D0% (F4 (LVL ) +F8 (LVL ) )= 260550 0DO* ( FU+FV)+4273
X680 CDO%F6 (LVL )

co70 SUM=ESTL4EST2 (LVL)

0071 FTST(1)=DABS(FIL)

0072 FTST(2)=DABS (F3)

0073 FTST(3)=DABS(F5)

0074 FTST(4)=DABS(F7)

0075 FTST(5)=DABS(F9)

0076 FTST(6)=DABS(F2(LVL))

0077 FTST(7)=DABS(F4(LVL))

0078 FTST(8)=DABS(F6(LVL))

0079 FTST(9)=DABS(FB(LVL))

0080 FTST(10)=DABS (F10(LVL))

0081 FTST(11)=DABS (FM)

0082 AEST1=SX#(16067s0D0% (DABS (FA)+FTST(11))+10630040D0% (FTST(1)+FTST(5
X) )—485254 0DO0* (DABS(FP)+DABS(FS) ) +2724000 0D0* (FTST(2)+FTST (4))-2605
X504 0D0%(DABS(FQ) +DABS(FR) ) +427368.0D0%FTST(3))

0083 AEST2(LVL)=SX*(16067.0D0% (FTST(11)+DABS (FB))+10630040D0% (FTST(6)+F
XTST(10) )-48525+ 0D0*( DABS ( FT) +DABS (FW ) )+272400,0D0% (FTST(T)+FTST(9)
X)=260550, 000 (DABS (FU)+DABS(FV) ) +427368 0DO*FTST(8))

0084 ABSAR=ABSAR-AEST+AESTL+AEST2 (LVL)

0085 M=M+10

0086 GO TO (201,200,202) N

0087 200 DELTA=ABSAR

0088 GO T0 205

co89 210 PRINT 39

€090 39 FORMAT(' ERROR RETURN-NeLEeO')

ccal RETURN

0092 211 PRINT 40

093 40 FORMAT(' ERROR RETURN-NeGTe3')
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0094
0055
0056
0097
cess
0099
0100
0101
0102
0103
0104
0105
01cC6
o107

0108
0109
0110
0111
0112
0113

0l14
0115
0116
0117
o118
Cc119
0120
c121
0122
0123
0124
c125
cl26
0127
o12e
c129
0130
c131
Cc132
0133
0134
0135
0136
0137
0138
0139
0140
0141
0142
0143
0144
0145
0146
Cl47
Cl48
C1l4S
0150
c151

201
202

203
205

oW

B 8
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1, MCD 1 ANC10 DATE = 68270

RETURN
DELTA=1.000

GO TC 205

DO 2C€3 1=1,10
IF(FMAXeGELFTST(I))GO TO 203
FMAX=FTST(I)
CONTINUE
DELTA=FMAX
DAFT=EST-SUM
DIFF=DABS(DAFT)
DAFT=DAFT/4095.000
IF(DIFF-EPS*DELTA)646,43
IF(LVL=-30)4+242
IF(LVL=1)2+4,2
2=up

A=8B
ESUM=ESUM+DAFT
TSUM=TSUM#SUM
LVL=LVL-1
L=NRTR(LVL)

GO TO (11,12),L
11=R1,12=R2
NRTR(LVL)=1
EST=EST1
AEST=AEST1
FB=FM

FW=F9

FV=FS

FU=FT7

FT=FR

FM=F5

FS=FQ

FR=F3

FQ=FP

FP=F1
B=(A+B)/2.000
EPS=EPS/2.000
LVL=LVL*1

GO T0 1
NRTR(LVL) =2
FA=FB »
FP=F2(LVL)
FQ=FTP(LVL)
FR=F4(LVL)
FS=FUP(LVL)
FM=F6(LVL)
FT=FVP(LVL)
FU=FB(LVL)
FV=FWP(LVL)
FW=F10(LVL)
FB=FBP(LVL)
B=XB(LVL)
EST=EST2(LVL)
AEST=AEST2(LVL)
GO 10 7
EPS=EPS*2.000
IF(LVL=1)5+5+5
ANC10=TSUM-ESUM
RETURN

END

~
W

21722706
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